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RESEARCH OBJECTIVES

The objective of this research is to determine whether mech-
anistic reactive transport modeling of uranium (U) isotopic
profiles and major element chemistry (especially alkalinity and
calcium) in marine sediments from the North Atlantic Ocean
can be used to determine the origin of the apparent discrepan-
cy between laboratory and field mineral dissolution rates.
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Figure 1A. Uranium isotope activity ratios for calcite (red) and pore fluid (blue).

Symbols represent measured values, lines are model results.

Figure 1B. Measured (symbols) and modeled (lines) concentration profiles at Site 984.

APPROACH

Pore-water chemistry and 234U /238U activity ratios from fine-
grained sediment cored by the Ocean Drilling Project (ODP) at
Site 984 in the North Atlantic were used as constraints in model-
ing in situ rates of plagioclase dissolution with the multi-compo-
nent reactive transport code Crunch. The reactive transport
model includes a solid-solution formulation to enable the use of
the 234U /238U activity ratios in the solid and fluid as a tracer of
mineral dissolution.

A suite of reactions, including sulfate reduction and methane
production, anaerobic methane oxidation, CaCOj3 precipitation,
dissolution of plagioclase, and precipitation of secondary clay min-
erals, along with diffusive transport and fluid and solid burial, con-
trol the pore fluid chemistry in Site 984 sediments. The surface area
of plagioclase in intimate contact with the pore fluid is estimated to
be 3.2 m?2/ g, based on both grain geometry and on the depletion of
2341J/238U in the sediment via o-recoil loss. Various rate laws for
plagioclase dissolution are considered in the modeling, including
those based on (1) a linear transition state theory (TST) model, (2)
a nonlinear dependence on the undersaturation of the pore water
with respect to plagioclase, and (3) the effect of Al-inhibition.

RESULTS

The surface area of plagioclase in intimate contact with the
pore fluid is estimated to be 3.2 m2/ g, based on both grain geom-
etry and on the depletion of 234U /238U in the sediment via a-
recoil loss. In the case of the linear TST model, the calculated dis-
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solution rate for plagioclase corresponds to a rate constant that is
about 104 to 105 times smaller than the laboratory-measured
value. The major element and isotopic methods predict similar
dissolution rate constants, if additional lowering of the pore water
234U/238U activity ratio is attributed to isotopic exchange via
recrystallization of marine calcite, which makes up about 10-20%
of the Site 984 sediment. Rate laws based on a non-
linear dependence of the dissolution rate on the
solution saturation state, or on inhibition of disso-
o lution by dissolved aluminum, can only account
Sl for about one order of magnitude of the apparent
discrepancy between laboratory and field rates.
The reactive transport simulations demon-
strate that plagioclase dissolution rates depend
strongly on the rate of authigenic clay precipita-
tion, since clay precipitation controls both the sat-
uration state of the fluid with respect to plagioclase
103 03 and dissolved aluminum concentrations.
kg Matching the range of aluminum pore-water con-
centrations found in deep marine sediments, it
appears that slow clay precipitation and/or more
soluble clay phases result in close-to-equilibrium
conditions with respect to plagioclase, thus effec-
tively removing two to three orders of magnitude from the over-
all mismatch between laboratory and field rate constants. The
remaining two to three orders of magnitude must be attributed to
the gradual loss of reactive sites on silicate surfaces with time,
which is expected to be more pronounced under dlose to equilib-
rium conditions.

SIGNIFICANCE OF FINDINGS

The study indicates that the discrepancy between laborato-
ry and field mineral dissolution rates is real in the case of pla-
gioclase, and that this discrepancy can be attributed to the com-
bination of a control on the saturation state of the plagioclase,
exerted by clay precipitation, and the gradual loss of reactivity
of the plagioclase surface itself over geologic time.
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